and morphine and found morphine to be statistically superior. The non-randomized study found that in patients initially prescribed methadone it was effective in fewer participants than in those initially prescribed other long-acting opioids (28% versus 42%, 33% and 50% for morphine, oxycodone and transdermal fentanyl, respectively).
One RCT compared incidences for several individual adverse events, but found a difference between methadone and placebo for only one event, dizziness (P = 0.041).
Authors' conclusions
The three studies provide very limited evidence of the efficacy of methadone for CNCP, and there were too few data for pooled analysis of efficacy or harm, or to have confidence in the results of the individual studies. No conclusions can be made regarding differences in efficacy or safety between methadone and placebo, other opioids, or other treatments.
P L A I N L A N G U A G E S U M M A R Y

Methadone for long-term non-cancer pain
The three studies included in our review provide very limited evidence of the effectiveness of methadone for chronic non-cancer pain. We were unable to combine results statistically, and there were too few participants in each study to be confident in their results. No conclusions can be made regarding differences in effectiveness or side effects between methadone and placebo, other opioids, or other treatments.
B A C K G R O U N D
Description of the condition
Chronic non-cancer pain (CNCP) encompasses a wide range of chronic pain conditions. Several definitions of chronic pain exist, including "pain that lasts beyond the term of an injury or painful stimulus" (Gale 2006) and "pain without apparent biological value continuing beyond the normal tissue healing time" (IASP 2003) . However, the International Association for the Study of Pain (IASP) task force on Taxonomy does not give a single definition, but rather provides descriptions of chronic pain syndromes. CNCP includes both neuropathic (e.g. postherpetic neuralgia (PHN), painful diabetic neuropathy (PDN)) and nociceptive syndromes (e.g. arthritides, myofascial pain syndromes, headaches). The prevalence of CNCP in adults is reported to be between 2% and 40% in the developed countries, depending on the type of pain and the population studied (Verhaak 1998) . The Pain in Europe report described the prevalence of CNCP as ranging between 11% and 30%, with overall prevalence of 19% in the general adult population in Europe (Breivik 2006) . There are modest differences in the prevalence of chronic pain between developed and developing countries (Tsang 2008) . Worldwide, back pain, osteoarthritis and headaches are the leading causes of CNCP (Breivik 2006; Tsang 2008) . CNCP has a substantial effect on patients' healthrelated quality of life (HRQoL); some studies show a reduction in HRQoL that is comparable to that reported by palliative cancer pain patients (Fredheim 2008) . It also causes significant disability, with a recent Australian study indicating an average of 16.4 lost work day equivalents in a 6-month period in persons with chronic pain (Blyth 2003) . The financial burden of chronic pain is also substantial. The annual cost of chronic pain in the United States was estimated at almost 300 billion dollars in 2001 (NAS 2001) .
Description of the intervention
Methadone belongs to the class of drugs known as opioids, which are the most effective broad-spectrum analgesics available. Methadone is used clinically as an analgesic, and for maintenance and detoxification of patients with heroin and other opioid dependencies. Opioids are considered the cornerstone of therapy for moderate-to-severe acute pain or pain of similar intensity due to life threatening illnesses, but their long-term use in non-cancer pain is controversial. Recent studies and meta-analyses provided efficacy data on opioids for the treatment of CNCP (Furlan 2006) , including chronic neuropathic pain (Eisenberg 2006) . In the United States, the therapeutic use of opioids in general has risen significantly over the last decade, with methadone use increasing by 1177% (Manchikanti 2008) . More than 4 million methadone prescriptions were written for pain in the United States in 2009 (CDC 2012) . Despite this, the safety and efficacy of the different opioids have yet to be established.
How the intervention might work
Opioids provide analgesia by binding to opioid receptors of the mu and kappa class and blocking the release of neurotransmitters such as substance P. Opioid receptors are expressed both centrally and peripherally (during the inflammatory response in injured tissue). Methadone is a synthetic opioid that shares many of the analgesic and unwanted effects typical of other opioids. However, it has pharmacokinetic and pharmacodynamic properties that distinguish it from other opioids.
• Unlike many other opioids, methadone has extensive oral bioavailability. Most opioids have less than 40% oral bioavailability.
• Methadone is metabolized in the liver via the cytochrome P-450 system, and is excreted renally and via the faecal route. Dosage adjustment is not required in renal or hepatic insufficiency, or in haemodialysis. Additionally, methadone does not appear to produce active, potentially toxic metabolites. Methadone has a long, biphasic elimination half-life. It may take up to 10 days to reach steady-state serum levels. It is inherently long acting and is significantly less expensive than opioids that are pharmaceutically manipulated into controlled-release formulations.
• N-methyl-D-aspartate (NMDA) receptor antagonism. Activation of the NMDA receptor by excitatory amino acids, such as glutamate, has been implicated in the development of neuropathic pain and also appears to have a role in the development of opioid tolerance and opioid induced hyperalgesia. While the ability of methadone to block the NMDA receptor has been demonstrated in animal models, it is unclear if this has clinical relevance at normal doses. It is postulated that this property may lend methadone an advantage over other opioids when treating neuropathic pain, with less need for dosage escalations.
• Prolongation of the QT interval on electrocardiogram (ECG) at high doses. QT interval is the interval measured from the beginning of the QRS complex to the end of the T wave on ECG, measuring the time between depolarization and repolarization (or recovery) of the heart ventricles. Methadone binds in vitro to the cardiac HERG potassium ion channel (K v 11.1 potassium channel coded by human Ether-à-go-go Related Gene) and has been shown to prolong cardiac depolarization in a dose-dependent manner. Patients with prolonged QT interval are at risk of developing torsades de pointes, a potentially life-threatening ventricular tachyarrhythmia. Data indicate that methadone may be responsible for sudden cardiac death, even in concentrations that are considered therapeutic for the majority of patients (Chugh 2008; Krantz 2009 ). Intravenous methadone is associated with greater QTc interval prolongation than the oral preparation. This risk may also be increased with concurrent use of other QT interval prolonging medications.
These distinct properties suggest that methadone may have a different efficacy and safety profile than other commonly prescribed opioids.
Why it is important to do this review
The increase in prescribing of methadone in recent years has been accompanied by an increase in fatalities associated with its use (Shields 2007). More than 30% of prescription analgesic deaths in the United States involve methadone, even though methadone prescribing accounts for a relatively small share, 2%, of analgesic prescriptions (CDC 2012) . In addition to the risk of fatal arrhythmias, patients receiving methadone are thought to be at greater risk of developing respiratory depression than with other opioids, because of methadone's complex pharmacokinetic properties. Conversely, the potentially beneficial properties of methadone, such as NMDA receptor antagonism, may be responsible for increased effectiveness in certain patients with CNCP; therefore, it is important and timely to conduct this systematic review.
O B J E C T I V E S
To assess the analgesic effectiveness and safety of methadone in the treatment of CNCP.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included randomized controlled trials (RCTs) that investigated the analgesic effects of methadone, with pain assessment as either the primary or secondary outcome. Quasi-randomized studies comparing methadone to active comparators or placebo, cohorts and case-control trials with pain assessment as a primary outcome were also considered for inclusion. Full peer-reviewed journal publication was required; abstracts were not considered for inclusion, unless they were less than three years old. Single case reports and clinical observations were excluded. We excluded studies with fewer than 10 participants to overcome random play of chance on estimation of treatment effect. Studies using racaemic mixtures of methadone or either of the (d-) or (l-) methadone isomers were also considered for inclusion.
Rationale for conducting a review that includes nonrandomized studies
We had some concerns that the beneficial and harmful effects of methadone in CNCP may not be studied adequately in RCTs. For example, respiratory depression or clinically significant arrhythmias may be rare enough not to be captured by RCTs. Therefore, in case the goal of the review could not be met by reviewing RCTs only, an attempt to systematically review the non-randomized studies was undertaken.
Types of participants
• Adult participants (aged 18 years and above) having any type of CNCP were included.
• Studies with mixed populations, i.e. CNCP and cancer pain were only included if data were presented separately. Studies of methadone for acute or experimental pain were excluded.
Types of interventions
Administration of methadone by oral, rectal, intravenous, sublingual, subcutaneous, transdermal, epidural or intrathecal routes were considered for inclusion. Studies assessing topical administration of methadone on open wounds were also considered. Both single and multiple dose studies were assessed. Placebo or active control comparators were included.
Types of outcome measures
We extracted information about the pain condition, number of participants studied, drug and dosing regimen, study design, duration and follow-up, analgesic outcome measures and results, withdrawals and adverse events from each study and recorded this on a data extraction sheet. We considered the following participant reported outcomes measurements:
• measures of pain relief or reduction of pain intensity (visual analogue scale (VAS), numerical rating scale (NRS), or verbal rating scale (VRS));
• time to and number of participants achieving 50% or greater pain relief;
• participant's global impression of clinical change;
• pain outcome measures available on pain questionnaires and QoL measurement instruments (brief pain inventory (BPI), the Western Ontario McMaster function pain and stiffness score (WOMAC), McGill pain questionnaire, Medical Outcomes Study ).
In addition, we intended to analyse time to and amount of rescue analgesic medications.
The following adverse event outcomes were considered:
• number of participants with at least one adverse event;
• number of participants with at least one serious adverse event;
• number of participants experiencing specific adverse events;
• severity of adverse events;
• all-cause withdrawals;
• lack of efficacy withdrawals;
• adverse event withdrawals.
Search methods for identification of studies Electronic searches
We searched the following databases:
• The Cochrane Central Register of Controlled Trials (CENTRAL) in The Cochrane Library 2011, issue 11;
• MEDLINE (Ovid) 1950 to November 2011;
• EMBASE (Ovid) 1980 to November 2011.
Given the limited literature in this area, a general search strategy was undertaken as seen in the MEDLINE search strategy and this was amended for the other databases (see Appendix 1; Appendix 2; Appendix 3 for details). We applied no language restrictions.
Searching other resources
We sought additional studies from the reference lists of retrieved articles and from reviews.
Data collection and analysis
Selection of studies
Eligibility was initially determined by reading the title and abstracts identified in each search. Full-length articles of potentially eligible studies were obtained and assessed. Two review authors (SH, EM) independently determined the eligibility of each study for inclusion based on the criteria set in this protocol. Disagreements were resolved by discussion, or if persistent, by a third review author (AL). The studies were not anonymized in any way prior to assessment. When selecting non-randomized studies, we intended to include the best available study designs used to answer the review question. Preference was given to quasi-randomized, case-control and cohort study designs, since for those types of studies methods for determination of study quality and for controlling confounding factors have been published (Reeves 2011).
Data extraction and management
Data extraction was divided between two review authors (SH, EM) with each extraction being independently duplicated, using a Microsoft Excel data extraction sheet. The data elements abstracted are listed in Appendix 4. Data suitable for pooling were entered into RevMan 5 independently by two review authors (SH, EM) to prevent transcription errors. The data collection form was modified for extraction of non-randomized studies. It included the checklist shown in Appendix 5, in order to determine the study design of a non-randomized study, rather than depending on the study authors' description of the study design.
Assessment of risk of bias in included studies
Two review authors (EM and SH) independently assessed the risk of bias of all included RCTs in this review. The review authors made critical assessments for each of the following domains: sequence generation (randomization), allocation concealment, blinding, incomplete outcome data, and selective outcome reporting. Review author judgment for each domain was entered into a Risk of Bias table, as either "low risk", "high risk", or "unclear risk" (indicating either lack of information or uncertainty over the potential for bias). For non-randomized studies, we prepared a list of potential confounding factors in Table 1 and evaluated all studies according to this table. We identified the confounding factors that the researchers had considered and those that had been omitted. We assessed the balance between comparator groups at baseline with respect to the main prognostic or confounding factors. We identified what researchers did to control for selection bias, i.e. any design features used for this purpose (e.g. matching or restriction to particular subgroups) and the methods of analysis (e.g. stratification or regression modelling with propensity scores or covariates). Additionally, we assessed quality of case-control and cohort studies by using the Newcastle-Ottawa Scale (see Appendix 6; Appendix 7), with a higher number of "stars" indicating a higher quality of study. In studies in which allocation to groups is determined by outcome, as in case-control studies, the exposure of interest, rather than the outcome, is most susceptible to bias. We intended to assess whether the researchers assessing the exposure were masked to whether the participants had experienced the outcome or not; however, no studies of this design met all inclusion criteria.
Measures of treatment effect
Dichotomous data
Discrete events such as preference, numbers of participants reporting at least 50% pain relief, or the number of participants reporting adverse events were used to calculate the absolute risk reduction (ARR, also known as risk difference) using RevMan 5 software. When a statistically significant ARR existed between interventions, we intended to derive the numbers needed to treat for an additional beneficial outcome (NNTB) or additional harmful outcome (NNTH). Dichotomous outcomes are presented in terms of both raw numbers and percentages of participants in each study arm benefiting from therapy or suffering adverse events. We intended to apply a random-effects model to combine data. We are aware of the possible limitation of using a random-effects model for meta-analysis in case of non-normal distribution of intervention effect data; however, using a fixed-effect model for this purpose may be less appropriate since we cannot assume to know the direction of the effect.
Continuous data
We intended to undertake meta-analyses when comparable data were available from continuous outcomes. Comparisons between methadone and active control or placebo groups were to be made separately for total pain relief (TOTPAR), pain intensity postintervention, analgesic consumption, and intensity of a specific adverse event, using weighted mean differences (WMDs). We intended to apply a random-effects model to combine data. Again, there were insufficient data to permit meta-analysis.
Dealing with missing data
No attempts were made to contact study authors for missing subject data. If subject data were missing, analyses were based on participant populations in which outcomes were reported. Discrepancies between number of participants enrolled and number of participants in whom outcomes were reported are noted in the 'Characteristics of included studies' table. Where studies reported statistics based on intention-to-treat (ITT) or modified ITT populations, available case analyses were performed.
Assessment of heterogeneity
We intended to quantify statistical heterogeneity using the I 2 statistic, which is a reliable and robust test to quantify heterogeneity, since it does not depend on the number of trials or on the betweenstudy variance. The I 2 statistic measures the extent of inconsistency among studies' results and can be interpreted as the proportion of total variation in study estimates that is due to heterogeneity rather than sampling error. An I 2 value of greater than 50% is considered to indicate substantial heterogeneity (Deeks 2008).
We also intended to assess heterogeneity by visually studying forest plots. Predetermined subanalyses or sensitivity analyses were not required to explain heterogeneity, due to lack of data.
Assessment of reporting biases
No attempt was made to assess reporting bias. The inclusion of abstracts and searching of the US Food and Drug Administration (FDA) and European Medicines Agency (EMEA) websites was undertaken in an attempt to minimize publication bias.
Data synthesis
We intended to use the random-effects model by DerSimonian and Laird (Deeks 2008) for meta-analysis, using RevMan 5. We did not make any attempt to combine evidence from RCTs and non-randomized studies.
Subgroup analysis and investigation of heterogeneity
There were insufficient data to allow us to undertake subgroup analysis for:
• chronic neuropathic versus nociceptive pain conditions;
• specific pain conditions (e.g. postherpetic neuralgia (PHN), diabetic peripheral neuropathy (DPN), low back pain, headache);
• older versus younger people; specifically age 18 to 65 versus greater than 65;
• studies of less than or equal to 24 hours versus studies of greater than 24 hours;
• men versus women.
We were able to undertake subgroup analysis for one study (Morley 2003) in which two methadone dosing regimens were studied -a "low-dose" phase, where participants received 10 mg daily and a "high-dose" phase, where participants received 20 mg daily.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search
The searches yielded 49 potentially relevant studies.
Included studies
Three studies fulfilled the inclusion criteria. Morley 2003 studied two dosing regimens of methadone in a randomized, placebocontrolled, cross-over trial in participants with diverse neuropathic pain syndromes. Both regimens were tested over a 20 day phase. Participants received either methadone or placebo on odd days and a rest day on even days, i.e. they received five days of methadone for each phase. The "low-dose" phase administered 5 mg twice daily, whereas the "high-dose" phase administered 10 mg twice daily. Raja 2002 compared an opioid (morphine or methadone) with a tricyclic antidepressant (nortriptyline or desipramine) and placebo in a three-phase randomized double-blind cross-over trial, with each phase lasting approximately eight weeks. Participants received methadone only if they were unable to tolerate morphine during the titration phase. Quang-Cantagrel 2000 in a study described as a "retrospective chart review", evaluated the efficacy and safety of various long-acting opioids in 86 outpatients followed over a period of an average of 8.8 months. Patients were allowed to switch to (an) alternative opioid(s) if the first opioid prescribed proved ineffective or intolerable. We used Appendix 5 to determine the nature of the study, but were unable to define it precisely; however, it had most of the elements of a case series.
Excluded studies
Forty-six studies did not meet all inclusion criteria. 
Risk of bias in included studies
Risk of bias for the two RCTs is discussed under the subheadings below. For the retrospective chart review (Quang-Cantagrel 2000)
we assessed confounding factors ( Table 1 ) and determined that results could potentially be biased based on lack of controlling for the following confounders: age, sex, pain diagnosis, methadone dose and duration of treatment. Additionally, we applied the Newcastle-Ottawa Scale for assessing the quality of non-randomized studies in meta-analysis (Appendix 6 and Appendix 7). Based on this, we assessed its quality using the assessment scale for case control studies (Appendix 6). We assigned scores as follows: Selection 1, Comparability 0, Exposure 2. The findings are presented as Figure 1 . 
Blinding
Both studies (Morley 2003; Raja 2002) adequately described the methods used to ensure that participants and interacting investigators were unable to differentiate between the treatment and control tablets/capsules.
Incomplete outcome data
In 
Effects of interventions
Morley 2003 measured maximum and average pain intensity and pain relief via a 0 to 100 VAS. Raja 2002 measured pain intensity and pain relief using a 0 to 10 and 0 to 100 NRS, respectively. Quang-Cantagrel 2000 evaluated efficacy by assessing the number of patients with pain relief of 50% or greater. Raja 2002 also reported number of treatment responders, defined as individuals whose baseline pain rating decreased by 33% during the treatment period; however, they reported a composite of participants receiving each class of intervention (opioid, tricyclic antidepressant, placebo) rather than results for individual drugs, e.g. methadone. We were, therefore, only able to analyse continuous data for pain outcomes, and due to the differences in outcome reporting between studies, we were unable to perform any meta-analyses. Morley 2003 investigated the use of methadone in participants with a variety of diagnoses, both central and peripheral neuropathies. Raja 2002 enrolled only participants with PHN. Quang-Cantagrel 2000 reviewed the cases of patients with a variety of complaints, the most common of which were back pain and neuropathies. Morley 2003 conducted a completer analysis of 19 participants enrolled in a two phase, cross-over study. In the first phase, participants received a daily dose of 10 mg and in the second phase 20 mg of oral methadone. The washout period between phases was not specified. All participants had responded poorly to traditional analgesic regimens, with several concurrently receiving other opioids. Participants continued on all current medications during the study. Participants received methadone or placebo on odd numbered days and received no intervention on even numbered days. Efficacy was reported at the end of each phase. The paper supplied individual participant data; therefore, we were able to perform our own statistical analysis of each outcome and compare our results with those results reported by the authors. We (EM, SH) performed a paired t-test to compare the difference in average pain intensity between methadone and placebo for both the "low-" and "high-dose" phases (10 mg and 20 mg daily). Both phases demonstrated that methadone was more effective than placebo in reducing average pain intensity (P = 0.042 and P = 0.020, respectively, Figure 2 ). Pain relief reported with both doses of methadone also demonstrated statistical superiority versus placebo (P = 0.003 and P < 0.001 for low-dose and high-dose phases, respectively, Wilcoxon Signed Rank Test). The results of our analyses of pain intensity and pain relief agreed with those analyses presented in the paper for the high-dose phase, but differed from those presented for the low-dose phase, where the authors reported that the differences between methadone and placebo were not statistically significant for either outcome, perhaps reflecting differences in statistical methodology. Three of the 18 participants completing the low-dose phase had an average pain intensity below 40/100, i.e. mild, while receiving methadone, compared with only one participant receiving placebo. In the high-dose phase, two participants had average pain intensity below 40/100 whilst receiving methadone, compared with only one while receiving placebo. Raja 2002 conducted an ITT analysis of 76 participants enrolled in a three period, cross-over study. Each treatment period lasted approximately eight weeks and had a titration, maintenance and taper phase. Each period was separated by a one-week washout. Participants in the opioid phase received morphine as their initial intervention, and received methadone only if they were unable to tolerate 30 mg or less of morphine. Several participants were receiving opioids at the time of enrolment, but were permitted to use only acetaminophen or non-steroidal anti-inflammatories (NSAIDs) during the study. The average daily dose of methadone was 15 mg, i.e. similar to the dosing regimen administered by Morley 2003. The change in pain intensity during each treatment period was calculated as the difference between the mean of the last three ratings during the treatment phase, typically made during the end of the maintenance period, and the mean of three baseline ratings obtained prior to the initiation of the drug treatment. Pain relief was calculated in a similar manner. The majority of results were reported as composite data, i.e. data were not reported separately for morphine and methadone. The only outcome for which separate data were available was reduction in pain from baseline to the end of the maintenance period. The authors reported that the reduction in pain was greater with morphine (reduction 2.2/10; 95% CI 2.7 to 1.6, N = 38) than methadone (reduction 1.2/10; 95% CI 1.8 to 0.5, N = 26, P = 0.02) with participants taking an average of 91 mg of morphine daily (Figure 3 ). During the opioid period, average pain intensity during the maintenance phase was 4.4/10, i.e. moderate pain, but again, results were not reported separately for methadone and morphine. Quang-Cantagrel 2000 performed a "retrospective chart review" of 86 outpatients from a pain clinic. Patients received an average of 8.8 months of opioid therapy. Patients were initially assigned one of four long acting opioids (sustained-release morphine or oxycodone, methadone, or transdermal fentanyl), with choice of opioid based on allergies, cost, and patient preference for delivery route. They received the initial opioid for at least one week, after which rotation to a different opioid was permitted, contingent upon lack of efficacy (pain relief less than 50%) or intolerable side effects (severity greater than 30 on a 0 to 100 scale). Initial doses of methadone were 5 mg to 20 mg four times a day, after which titration in 5 mg increments was allowed for lack of efficacy. On average, the first opioid prescribed was effective for 31 patients, was stopped because of side effects in 25, and was stopped for ineffectiveness in 29. For patients receiving methadone as their initial opioid, 8 of 29 found treatment to be effective versus 14 of 33, 6 of 18 and 3 of 6 for long-acting formulations of morphine, oxycodone and transdermal fentanyl, respectively. Methadone was stopped because of side effects in 11 patients and because of ineffectiveness in nine. The average dose in those who found it to be effective was 39.0 ± 17.0 mg, with patients receiving therapy for an average of 49.4 weeks. Of the remaining participants, the second opioid prescribed (after the failure of the first) was effective in 16 of 52 patients, the third in 12 of 30, the fourth in 10 of 18, and the fifth in 1 of 7 patients. Twenty-three participants were switched to methadone from first to final rotations, but details of efficacy and tolerability were not reported. The authors compared the efficacy of the different drugs prescribed by calculating the ratio between the number of participants for which the drug was effective during five different prescriptions and the total number of prescriptions. They found that timed-release morphine was the most effective, but did not report ratios.
Withdrawals
In Morley 2003, 33 participants were invited to enrol in the study. Fourteen declined to participate; five participants gave no reason, three associated methadone with addiction, two did not want to take any further medication, and four participants gave 'depression when new therapies fail', 'having to declare a methadone script would damage my employment prospects', 'not 100% sure I want to be on methadone' and inability to understand the trial assessments as respective reasons. Thus, 19 participants were enrolled. During the low-dose phase, one participant withdrew on his first day of receiving methadone because of adverse effects. A further participant did not complete data on rest days, and so was removed from the rest day analysis of Phase 1. The same participant declined to enter the high-dose phase due to an intercurrent illness. Seventeen participants, therefore, entered the high-dose phase; six withdrew before completing -three while taking placebo, three while taking methadone -all because of adverse events. Raja 2002 screened 103 participants: 18 declined to participate; four patients' pain decreased; three were excluded due to impaired cognition; and two had a questionable diagnosis. Thus, 76 participants were randomized. Five participants withdrew before receiving therapy (reasons not reported). Twenty-seven participants withdrew during one of the treatment periods: 19 while receiving opioids, 7 while receiving tricyclic antidepressants and one while receiving placebo. There was a discrepancy in reporting of dropouts between the participant flow diagram and the manuscript text, with the text reporting 20 patients withdrawing during opioid therapy and six while receiving tricyclics. Primary reasons stated for dropping out during the opioid period were side effects (N = 7), other medical problems (N = 6), and concerns of family members (N = 5). Primary reasons stated for dropping out during the tricyclic period were side effects (N = 2), other medical problems (N = 1), and concerns of family members (N = 2). An additional two participants withdrew during the opioid period owing to marked pain reduction and because they wished to use non-study medications. An additional participant withdrew during tricyclic treatment owing to a significant reduction in pain. Quang-Cantagrel 2000 permitted participants to switch to a different opioid based on lack of efficacy or intolerable side effects (see details in 'Effects of interventions' above). Since this was a retrospective review, there was no "study" to withdraw from; however, the authors noted that 16 (19%) of the initial 86 outpatients were unable to find an effective and tolerable opioid after five opioid rotations.
Adverse events
Patient-reported adverse events in the three included studies were typical of well-recognized opioid-induced side effects. Adverse events occurred with placebo in both RCTs. Raja 2002 reported that constipation, nausea, drowsiness, and loss of appetite were more common with opioids than with placebo or tricyclic antidepressants; however, the study authors did not report whether these adverse events occurred while participants were receiving methadone or while receiving morphine. Morley 2003 listed individual participants reporting adverse events during the 20 day period of both the low-and high-dose methadone phases, but did not report statistical significance of any differences. To compare adverse event rate differences between methadone and placebo we used the McNemar test, as recommended for comparison of dichotomous data in studies with cross-over design (Elbourne 2002) . The test is based on comparing discordant pairs of responses (e.g. adverse event developed under methadone, but not placebo) for each intervention. Our analysis of both phases did not demonstrate a statistically significant difference between methadone and placebo for the incidence of any specific adverse event with the exception of dizziness in the low-dose phase, which occurred more frequently in those receiving methadone (either on the methadone day or the rest day after methadone) than in those receiving placebo (placebo day or rest day after placebo) (P = 0.041, Table 2 ). Six of 19 (32%) participants reported dizziness while taking methadone, compared with zero of 19 receiving placebo. Quang-Cantagrel 2000 noted that nausea/vomiting (40%), sedation (32%) and itching (24%) were the most common adverse events that caused participants to switch to an alternative opioid, but did not report individual adverse events for each opioid. They reported that 52% (N = 15) of those receiving methadone as their initial opioid reported adverse events, with 38% (N = 11) switching to a different opioid because the adverse event was intolerable (versus 24%, 33% and 0% for morphine, oxycodone and transdermal fentanyl, respectively). The authors also noted that addiction occurred in one participant overall, with that participant being prescribed methadone. The participant, who suffered from chronic headaches, had a history of compulsive drug use and alcohol abuse. It was not reported whether the decision to prescribe methadone was based on her substance abuse history. Withdrawals due to adverse events are detailed above under 'Withdrawals'.
Serious adverse events
No serious adverse events were reported in any included study (Morley 2003; Quang-Cantagrel 2000; Raja 2002 ).
D I S C U S S I O N
Summary of main results
We widened our inclusion criteria from not only RCTs, but also to non-randomized studies in an attempt to increase the amount of available information, in particular that related to safety, as we predicted there would be a lack of data from only RCTs. However, only one non-randomized study met our inclusion criteria ( Given the long half-life of methadone, the possibility of a carryover effect cannot be ruled out. None of the three included studies presented sufficient data for us to be able to make any firm conclusions regarding the efficacy of methadone as an analgesic. In the case of Morley 2003, continuous VAS data were presented, with no reporting of numbers of participants with clinically significant reductions in pain. Additionally, neither quality of life or functional outcomes were assessed. Raja 2002 assessed many more valid outcomes, but did not present the majority of results in a format that we could analyse, due to the fact that they did not report methadone and morphine data separately. Quang-Cantagrel 2000 did not assess quality of life or functional outcomes, instead reporting only the number of participants with at least 50% pain relief and those with intolerable side effects, and only reported separate data for each opioid for the first opioid prescribed. The limited data available to us demonstrated a statistically significant reduction in pain intensity and increase in pain relief when either methadone 10 mg or 20 mg daily were compared with placebo (Morley 2003) . Adverse events were similar to those commonly reported in opioid studies (McNicol 2008) . There were no reports of QTc prolongation or respiratory depression, probably because of the low total numbers of participants across the three studies and the relatively low doses of methadone in the Morley 2003 study. Therefore, we were unable to demonstrate any difference between methadone's and other opioids' safety profiles.
Overall completeness and applicability of evidence Efficacy
One study investigated postherpetic neuralgia (Raja 2002) , one a population with mixed neuropathies (Morley 2003) and one a sample of outpatients with diverse complaints, both neuropathic and non-neuropathic. In the first study (Raja 2002) only 26 participants received methadone. While the second study reported individual participant data, the overall participant numbers for each diagnosis were insufficient to allow us to conduct any subanalyses by diagnosis. The final study did not report data individually, nor did it divide the data based on diagnosis. Based on such limited data, we cannot make any recommendations regarding variations in methadone's analgesic efficacy for different types of chronic non-cancer pain or when administered via different routes. Similarly, we cannot make any conclusions regarding improvements in quality of life or functioning. We have very limited data to make conclusions regarding short-versus long-term administration, low-versus high-dose regimens or efficacy compared to either active or placebo controls. None of the included studies presented data that could aid assessment of potential advantages of methadone regarding its action as an NMDA antagonist and possible related reduction in tolerance, opioid-induced hyperalgesia or neuropathic pain.
Safety
Morley 2003 compared incidence of various adverse events with methadone versus placebo. Only dizziness was shown to occur statistically more frequently, and only during the low-dose (10 mg daily) phase. Quang-Cantagrel 2000 compared both the percentage of participants with any side effect and those that stopped a specific opioid due to side effects between methadone and three other opioids. While methadone demonstrated a higher proportion of participants for both outcomes than the other opioids prescribed, statistical significance was not reported. There were no reports of respiratory depression or QTc prolongation. This may be due to the relative infrequency of these side effects occurrence or because participants were more closely monitored than in regular clinical settings. It is suggested that both side effects occur more frequently in patients receiving methadone than in those receiving other opioids, but there are no data from the current review to support these assumptions (McNicol 2008) .
Quality of the evidence
Only two RCTs (Morley 2003; Raja 2002) enrolling a total of 95 participants, and one non-RCT (Quang-Cantagrel 2000) reviewing 86 participants, met all inclusion criteria. Neither RCT presented dichotomous data allowing assessment of number of participants with 50% pain relief or better. Instead, both presented continuous outcomes, either pain intensity or pain reduction. Quang-Cantagrel 2000 did report dichotomous outcomes, but did not have a placebo group for calculation of NNTB versus placebo. The "Risk of Bias" assessment showed that both RCTs may have risk of bias due to incomplete reporting. Morley 2003 analyzed only those participants completing the study -only 11 of the 19 enrolled completed both phases. Raja 2002 performed an ITT analysis but used last observation carried forward rather than baseline observation carried forward. It is possible, therefore, that both studies may be at risk for overestimating the efficacy of methadone. While not included in our "Risk of Bias" assessments, the shortterm nature of one study (Morley 2003) and the low number of participants receiving methadone in both studies, also produces a high potential for bias. Quang-Cantagrel 2000 achieved only three stars out of a possible nine on the Newcastle-Ottawa quality assessment scale and did not report any attempt to control for several potential confounding factors, such as age. By its nature, a retrospective review has a higher risk of bias than an RCT. Each included study was sufficiently different that it is not possible to assess the consistency of findings. Last, the possibility of publication bias from unpublished negative results cannot be excluded, given that few negative studies would be required to change the positive effects seen in the included studies.
Since the review was completed, additional information has given more cause for concern that there may be significant additional biases in the three included studies, arising from small size or short duration (Moore 2010b), use of completer analyses (Moore 2012), and cross-over design.
Potential biases in the review process
Our decision to include non-randomized studies was made to increase the potential for discovering additional useful data, while possibly at the same time increasing the risk of biased conclusions. It could be argued, then, that we should also have included RCTs with a different potential source of bias, i.e. those with less than 10 participants. However, based on recent literature, the risk of invalid findings might be greater with RCTs with less than 10 participants than with non-RCTs that are otherwise well designed (Moore 1998; Moore 2010b). Regardless, only one non-randomized study met inclusion criteria.
Agreements and disagreements with other studies or reviews
Despite lack of evidence, there have been dozens of reviews of either opioids as a class, or methadone specifically, for chronic noncancer pain. The majority of reviews are either narrative or only contain some elements of a systematic review, such as a structured literature search. Some reviews include only RCTs, with others employing more relaxed criteria. Few reviews report unequivocal support for or against the use of opioids in CNCP.
General opioid reviews
In a Their recommendations for methadone use are based on epidemiological studies or case series, and highlight the risks of death due to accidental overdosage and the risk of torsade de pointes when taken in high doses, or with concomitant use of drugs that interact with methadone or that themselves prolong QTc interval. None of the studies referenced met our inclusion criteria. The authors make no statement about the benefits of methadone therapy, based on lack of evidence.
Methadone-specific reviews
Sandoval 2005 conducted a systematic review of oral methadone for CNCP and included not only RCTs but also non-RCTs including case reports/series. They included Morley 2003, but excluded Raja 2002 because "less than 50% of the participants received methadone in this study; therefore, it does not provide a clear evaluation of the analgesic efficacy of methadone". They also included 13 case reports including 31 participants and seven case series including 495 participants (we excluded such studies).
The case reports/series in aggregate reported "meaningful" pain relief in 59% of patients. The review authors noted that this figure "should be interpreted very cautiously, as it seems overrated due to the poor quality of the uncontrolled studies and their tendency to report positive results". The case series/reports also reported adverse events similar to those seen in randomized studies, with nausea and/or vomiting, sedation, constipation and itch occurring in more than 10% of participants. However, in addition, the case series/reports also reported incidences of cardiac arrhythmias, tolerance and addiction (but not respiratory depression) in less than 5% of participants. Finally, Nicholson 2007 performed a review for The Cochrane Library using similar criteria to ours, but instead looking at methadone for cancer pain. This review also suffered from lack of data due to the small number of studies meeting the inclusion criteria and their design heterogeneity preventing meta-analysis of outcomes. Therefore, the possibility of extrapolating data from patients with cancer pain to those with non-cancer pain does not currently exist.
A U T H O R S ' C O N C L U S I O N S Implications for practice
There is very limited evidence to judge the effectiveness of methadone in chronic non-cancer pain. Equally, there is no evidence from RCTs that methadone has a different safety profile to other opioids.
Implications for research
This review highlights the lack of high quality evidence investigating the use of methadone for chronic non-cancer pain. In particular, safety issues such as respiratory depression, cardiac arrhythmias and addiction have not been adequately addressed. While welldesigned, long-duration, randomized, controlled studies would be highly desirable, this review highlights the fact that no RCTs have been conducted since 2003, perhaps reflecting methadone's generic status.
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R E F E R E N C E S C H A R A C T E R I S T I C S O F S T U D I E S
A D D I T I O N A L T A B L E S
A P P E N D I C E S
• Number of participants reporting SPECIFIC adverse events (list each): methadone group (n/N).
• If scale used for intensity of specific side effect(s), specify: methadone group.
• Number of participants reporting ANY adverse event: control groups (n/N).
• Number of participants reporting SPECIFIC adverse events (list each): control groups (n/N).
• If scale used for intensity of specific side effect(s), specify: control groups.
• Reasons for dropouts: methadone group.
• Reasons for dropouts: control groups. Potential confounders? P P P P P P P P P P N na
Comments
Baseline assessment of outcome variables? P P P Y P P P N N N N na Y = Yes; P = Possibly; P* = Possible for one group only; N = No; na = not applicable. NB: Note that 'possibly' is used in the table to indicate cells where either 'Y' or 'N' may be the case. It should not be used as a response option when applying the checklist; if uncertain, the response should be 'can't tell' RCT = Randomized controlled trial; Q-RCT = Quasi-randomized controlled trial; NRCT = Non-randomized controlled trial; CBA = Controlled before-and-after study; PCS = Prospective cohort study; RCS = Retrospective cohort study; HCT = Historically controlled trial; NCC = Nested case-control study; CC = Case-control study; XS = Cross-sectional study; BA = Before-and-after comparison; CR/ CS = Case report/Case series.
